Clostridium difficile infection (CDI) was generally considered as a hospital-associated disease; however, recent community-acquired CDI has raised the concerns regarding the transmission of the pathogen through environmental sources. Limited data are available regarding the presence of C. difficile in food and water. In this study, oysters (Crassostrea virginica) and the harvest water collected from the commercial harvesting areas along the Louisiana Gulf Coast as well as the influent and effluent of a municipal treatment plant in New Orleans, LA were analyzed for toxigenic C. difficile. The bacterium was isolated from 47.37% (9/19) of oysters and 37.5% (3/8) of harvest water samples. Toxigenic C. difficile were also detected in all the wastewater influent and effluent samples. All the isolates harbored the gene tcdB encoding the virulence factor toxin B. Further PCR-ribotyping showed that the C. difficile isolated from the oysters and harvest water differed from the wastewater isolates. However, similar ribotypes were found in oysters and the surrounding harvest water. We found that oysters growing in contaminated water could bioaccumulate toxigenic C. difficile and pose a health risks by serving as a vehicle for the transmission of the pathogen to humans.
Material and Methods

Sample Collection
Oysters (Crassostrea virginica) and harvest water from Louisiana Gulf coast and both influent and effluent waters from a municipal wastewater treatment plant in New Orleans, LA were analyzed for the presence of C. difficile. The wastewater is generated from New Orleans on the east bank of the Mississippi River with an estimated population of 378,715 [17] . A 24 h a day secondary treatment process (an average flow of 98 million gallons per day) employs a high-purity oxygen modification of the activated sludge system, including clarification through sedimentation, chlorination (0.5 mg/L) for disinfection and finally discharge of effluent directly into the Mississippi River, LA.
Oysters and harvest water samples ( Table 1) were collected on a bimonthly basis from five approved commercial harvesting areas (9 through 13) defined by the Molluscan Shellfish program-Louisiana Department of Health and Hospitals (LDHH). Harvest water were grab-sampled followed by dredging the oysters from each site. For the wastewater samples, 24-h composite influent and effluent water samples were collected, monthly, from September 2013 through February 2014. The effluent water samples were dechlorinated by adding 10% sodium thiosulfate. All the samples were processed and analyzed at the Food Microbiology Laboratory at LSU/Agricultural Center.
Sample Processing and C. difficile Enrichment
For each sample, 12 live oysters were shucked; their flesh and intravalvular liquid were collected and blended under sterile condition. One liter of harvest water and 15 mL of wastewater influent and effluent were passed through a 0.47 µm mixed cellulose ester membrane filter (Millipore, Billerica, MA) using a Millipore filtration system (Millipore). The filters were taken aseptically and used for the enrichment. Brain Heart Infusion (Difco, MD), broth supplemented with 0.1% sodium taurocholate salt, 8 μg/mL cefoxitin and 250 μg/mL D-cycloserine (Sigma-Aldrich, Germany), was used as a selective enrichment broth for C. difficile. About 50 g of the oyster homogenate were mixed with 40 mL of the enrichment broth. For the water samples, the filters were immersed in 40 mL the enrichment broth. The enrichment cultures were incubated anaerobically at 37˚C for 10 days. A 96% ethanol shock (1:1, v/v) was done for 50 min to eliminate vegetative cells and maintain the spores. Then, the samples were centrifuged at 6000 ×g for 10 min, the supernatant was collected, an aliquot was streak onto C. difficile selective agar (BD, NJ); the plates were incubated for 24 -48 h at 37˚C. Following confirmation, DNA from the typical colonies were extracted by UltraClean™ Microbial DNA Isolation Kit (Mo Bio Laboratories, Solana Beach, CA), and analyzed immediately or stored at −80˚C until needed.
Detection and Source Tracking of C. difficile
Real-time PCR was used to amplify the 177 bp nonrepeating region of the tcdB gene in C. difficile ( Table 2 , [18] ). The 25 µL final reaction mixture was composed of 12.5 µL iQ™Supermix (Bio-Rad, Veenendaal, The Netherlands), 2.5 pmol of the forward primer (398CLDs), 5.0 pmol of the reverse primer (399CLDas), 4 mM MgCl 2 , 0.2 μM 551CLD-tq-FAM probe, and 2.5 μL of DNA template. After an enzyme activation of 3 min at 95˚C, the PCR protocol consisted of 45 cycles of 30 s at 94˚C, 30 s at 57˚C, and 30 s at 72˚C. The PCR was performed using a Cepheid SmartCycler ® II system (Sunnyvale, CA). To validate the method, DNA extracted from C. difficile (ATCC 43255), a toxin B-positive strain, and PCR grade water were used as positive and negative controls, respectively. The DNA extracted from the confirmed colonies was subjected to an end-point PCR to ribotype various strains according to their 16s and 23s ribosomal RNA sequences ( Table 2 , [19] ). Gel electrophoresis of the PCR amplicons resulted in a DNA fragments pattern that was used to source track the ribotypes across the oysters, harvest water and wastewater samples. According to this method, all the serogroups supposedly result in different patterns except for serogroups H and A8 [19] .
Results
Nine out of 19 oyster samples (47%), and 3 out of 8 (37%) harvest water samples were positive for C. difficile ( Table 1) . Three cases showed the presence of C. difficile both in oysters and the harvest waters. All five wastewater influent and effluent samples were tested positive for C. difficile. All isolates harbored the gene encoding for toxin B; in particular, according to the real-time PCR of the tcdB sequence, the oysters and harvest water samples crossed the threshold at 38 -40 cycles, and the wastewater samples crossed the threshold at 24 -26 cycles. Gel images obtained from the electrophoresis of the PCR ribotyping of the C. difficile positive samples indicated the presence of multiple strains (data not shown). Comparison of the banding patterns of the amplified DNA showed that C. difficile in oyster or harvest water samples could not be traced back to the sewage influent or effluent waters. However, oyster and harvest water samples collected from the same location showed similar band patterns except for the samples collected from area 12 in November. In some cases, multiple C. difficile strains were found in the oysters collected from the same area at different sampling times such as area 9 in July and September.
Discussions
C. difficile may represent a minor part of a healthy microbial flora in human's digestive tract. However, under adverse immunological condition of body, this spore-forming anaerobic bacterium can colonize and cause infection. The spores can survive adverse environmental conditions (low or high temperature, dryness, humidity, and chemicals) and transmit to other individuals through contaminated surfaces, food, water or the general environment [12] [14] [20] [21] .
In this study, we detected toxigenic C. difficile in Louisiana oysters and harvest water collected from commercially active areas, and the influent and effluent waters of a secondary treatment plant in New Orleans (LA). We observed similar toxigenic C. difficile ribotypes in all five wastewater samples collected; however, we could not link C. difficile ribotypes in the wastewater effluent water to the either oysters or harvest water, consistent with previous reports [11] . The area we investigated was not located at a close distance from the oyster harvest areas, and may not have significantly contributed to its contamination. Since the wastewater we analyzed was generated from the municipal areas, it is expected that the majority of the wastewater influent was limited to human sewage. This could be a reason that we did not find variability in C. difficile ribotypes. Our results are comparable with previous studies that reported more than 85% prevalence of C. difficile in wastewater effluents [11] [22] [23] . These observations indicate that C. difficile could be resilient to the sewage treatment, and contaminate the environmental waters upon discharge of the effluent water. Filter-feeding molluscan shellfish inhabiting contaminated areas may concentrate pathogenic microorganisms. We found toxin-B positive C. difficile in 47.4% of the oysters and 37.5% of the harvest water samples collected from five harvest areas, which is similar to the prevalence of C. difficile in shellfish in Italy [15] ; differently, a lower prevalence of C. difficile (3.6%) has been reported in bivalve mollusks in Southern Italy [16] . In another study, toxigenic C. difficile is reported in retail scallop, perch, shrimp and salmon in Ontario, Canada [24] .
Conclusion
In conclusion, our study has illustrated that toxigenic C. difficile can be present in untreated (influent) and treated (effluent) wastewaters, oysters and harvest waters. We could not draw a conclusion on the direct effect of wastewater effluent in New Orleans to the contamination of the downstream oyster harvest areas; however, we observed that the oysters growing in the C. difficile contaminated areas could bioaccumulate toxigenic C. difficile. Overall, our study emphasized on the concerns regarding the potential risk to human health posed by the consumption of raw or partially cooked oysters as well as exposure to sewage-contaminated waters, and their contribution to the community-associated CDI.
